Introduction
The presence of minerals in food and drinking water can have both good and bad consequences. Several minerals are known to be beneficial and essential for human life, while others are toxic, even in small amounts. Determining the mineral contents of food and drinking water is therefore of considerable interest. Iron and copper are essential elements for all living organisms, including human beings. However, very large single intakes or long-term intakes of iron and/or copper may be harmful. Besides their impacts on health concern, the levels of iron and copper content in serum, urine and body tissue are important parameters as an index of clinical diagnosis of certain diseases. In addition, some industrial processes need to monitor and control the amounts of iron and copper in order to control and improve product quality. From this point of view, a fast, simple and sensitive method for the determination of iron and copper is required for many purposes.
Several spectrophotometric methods for simultaneous/sequential determination of iron and copper in mixture have been developed, involving in conventional batch-wise method and flow injection analysis (FIA) method. Some of them include FIA spectrophotometric methods employing a double-beam spectrophotometric detector with two flow cells. [1] [2] [3] [4] [5] [6] Some reports have proposed the use of multi-wavelength detection, [7] [8] [9] [10] [11] [12] a mixed chromogenic agent and a chemometric approach for calculating the concentration of each species, 7,9,13,14 and a derivative spectrophotometry. 14, 15 Utilization of solid phase extraction/preconcentration using mixed ligands 16 and the employment of activating and masking effects by specific ligands to iron and copper, followed by their spectrophotometric detection, 17, 18 were also proposed. Some of these methods show the capability of multi-elements determination. 2, [7] [8] [9] 12, 13 However, some of them show a high limit of detection, 10 need a relatively high cost detector 8, 9, 11, 12 and suffer from many interferences. 16 According to our previous work, 19 trace amounts of copper(II) show interference effect on the spectrophotometric determination of iron using oxidation reaction of N,N-dimethyl-pphenylenediamine (DPD) with hydrogen peroxide. However, the interference from copper(II) can be overcome by utilizing a masking effect of triethylenetetramine (TETA). In this work, a new flow injection method for the sequential determination of iron and copper in mixtures is proposed by using of the oxidation reaction of DPD. Sample solutions in the absence and in the presence of TETA were used for the sequential determination of iron and copper; in practical sense, two sample plugs were introduced into the FIA system. One injection is used for the sum of iron and copper contents, and the other for iron contents. For iron determination, TETA was used as a masking agent for copper. The difference in peak height was used to calculate the copper concentration.
Experimental

Reagents
All of standard and sample solutions were prepared using ultrapurified water prepared with an Elix 3/Milli-Q element A simple flow injection analysis (FIA) method is described for the sequential determination of iron and copper. The detection method for iron and copper is based on their catalytic activities in the oxidation reaction of N,N-dimethyl-pphenylenediamine (DPD) with hydrogen peroxide. The sequential determination of iron and copper can be carried out by injecting two sample plugs into the FIA system, sequentially. One injection does not contain triethylenetetramine (TETA), and is used for the sum of iron and copper concentration; the other which contains TETA is used only for the iron concentration. For iron determination, TETA is used as a masking agent of copper. The difference in peak height can be used for the calculation of copper concentration. Under the optimal conditions, the detection limits (3σ) of 0.01 and 0.07 µg L -1 were obtained for iron and copper, respectively. The proposed method can be applied to the determination of iron and copper in tap water and bottled-drinking mineral water samples. Good recoveries of the method, 98 -103% for iron and 98 -106% for copper, were achieved. system (Nihon Millipore, Japan).
Iron(III) and copper(II) stock standard solutions, 1000 mg L -1 , for atomic absorption spectrometry were purchased from Wako (Wako Pure Chemicals, Japan). Working standard solutions were prepared daily by diluting the stock standard solutions with 0.1 M HCl. A carrier solution was a 0.1 M hydrochloric acid solution prepared from concentrated hydrochloric acid (electronic grade, Mitsubishi Chemicals, Japan). A reagent solution was a 0.5 M hydrogen peroxide solution which was prepared by diluting a 30% hydrogen peroxide (electronic grade, Cica Kanto Chemicals, Japan). The reagent solution contained 0.012 M DPD (Wako Pure Chemicals, Japan) which was dissolved in a 0.01 M hydrochloric acid solution. A buffer solution was an ammonium acetate buffer (pH 5.7), which was prepared by mixing appropriate amounts of 2 M acetic acid prepared from glacial acetic acid (electronic grade, Mitsubishi Chemicals, Japan) and a 4 M ammonia solution prepared from a concentrated ammonia solution (electronic grade, Mitsubishi Chemicals, Japan). In the interference study, all solutions of metal ions were prepared by appropriate dilution of each stock solution of metal ion with 0.1 M hydrochloric acid.
Apparatus
A schematic diagram of the FIA system is shown in Fig. 1 . All PTFE tubings used for the construction of the system were 0.5 mm i.d. Two double plunger pumps (F.I.A. Instrument, Model 201, Tokyo) were used for propelling the carrier and the reagent solutions.
Samples and standard solutions were introduced into the carrier stream via a six-way injection valve with a 500 µL sample loop. Absorbencies were measured by a Soma Model S-3250 spectrophotometer with an 8 µL flow cell, and the data acquisition was accomplished with a personal computer. A TCI Model GAS DIF dry thermostat bath was used to keep the reaction temperature at 50˚C.
Sample pretreatment
Real samples, tap and bottled-drinking mineral water, were acidified with hydrochloric acid to form the final concentration of 0.1 M HCl; they were then kept standing for 30 min in order to release bound iron to free iron ion. 19 Subsequently, the acidified water sample was divided into two portions; one was directly injected for the determination of the sum of iron and copper, while the other was added with TETA solution (final concentration; 6.7 × 10 -4 M TETA), which was used for iron determination.
Procedure
Two sample plugs were sequentially injected into the carrier solution. The FIA signals obtained by the two injections were presented in Fig. 2 . Firstly, the sample solution containing no TETA was injected for the sum of iron and copper determination, peak (1) .
Secondly, the sample solution containing 6.7 × 10 -4 M TETA was injected for iron determination, peak (2). The difference in the peak height, (1) -(2), corresponds to copper content.
Results and Discussion
FIA manifold and typical flow signal
Recently, the authors have developed an FIA system for the determination of iron in water samples. 19 In order to obtain the highest sensitivity, all chemical and physical parameters that (1) bottled-drinking mineral water in the absence of TETA and (2) bottled-drinking mineral water in the presence of 6.7 × 10 -4 M TETA. can affect the sensitivity of the system were carefully investigated. The criteria of the optimization are based on compromising between sensitivity and analysis time. The system and its optimal conditions are shown in Fig. 1 . In the present study, the authors would like to explore another application of the FIA system for the determination of both iron and copper, sequentially. Under the optimal conditions, as in Fig. 1 , the typical FIA signals obtained are shown in Fig. 2 , where peak (1) corresponds to the sum of iron and copper, and the peak (2) corresponds to the iron. The difference between the two peaks, (1) - (2), was used to calculate the amounts of copper.
Effect of TETA concentration
TETA is less reactive with iron than copper. The complex of Fe-TETA may occur at much higher concentrations of TETA. This can cause a decrease in the sensitivity in the determination of iron and copper. To utilizing TETA as a masking agent in the sequential determination of iron and copper, a suitable concentration of added TETA must be considered so that copper can form its chelate completely, while iron can not. Therefore, it is necessary to investigate the appropriate amount of TETA. We found that at 6.7 × 10 -4 M TETA did not interfere with the determination of iron, while at this concentration of TETA copper up to 400 µg L -1 was completely masked, as shown in Fig. 3 .
Standard calibration graph
Under the optimal conditions described in Fig. 1 , each standard solution of iron and copper, and a mixed standard solution of iron and copper were injected into the carrier for preparing calibration graphs. A linear calibration graph of copper could be obtained (I = 113.23C -0.5448, r 2 = 0.997), where I and C are the signal intensity and copper concentrations in µg L -1 , respectively. The calibration graph for iron over the range of 0 -0.5 µg L -1 showed a correlation coefficient of 0.9998, and the linear equation of this line is I = 364.56C -0.932. The detection limits were estimated to be 0.07 and 0.01 µg L -1 for copper and iron, respectively. Such detection limits are lower than those given in other papers. 1, 3, 4 The results obtained for the mixed standard of iron and copper also show a linear response. A calculated calibration graphs of copper and of iron were obtained by subtraction, respectively. Both calculated calibration graphs of copper and iron are in good agreement with the calibration graph of copper and iron, respectively. These results indicate that the signals of copper and iron in the mixed standard solution are completely proportional to their concentrations. This implies that the catalytic activity of iron and copper on the oxidation reaction of DPD are independent.
Interference of coexisting ions
The possibility of analytical application of the proposed method was assessed by examining the effect of various ions which potentially interfere with the sequential determination of iron and copper. Synthetic sample solutions containing 1.0 µg L -1 iron with copper and excess amounts of various coexisting ions were investigated. The tolerable concentration of each coexisting ion was taken as the highest concentrations causing an error of ±5%. Most of the ions studied in this work did not interfere with the determination of iron and copper in the presence of a 1000-fold excess over the analytes, as shown in Table 1 .
Application to real samples
In order to examine the applicability of the proposed method, it was applied to the determination of iron and copper in tap water samples from a local pipe line and bottled-drinking mineral water samples from different natural sources. All of the water samples were treated with hydrochloric acid, as mentioned. The analytical results obtained for real samples were given in Table 2 . The results show that good recoveries of iron and copper could be obtained.
Conclusions
The FIA system was successfully developed for spectrophotomertic quantification of iron and copper in mixture. By using the masking effect of TETA, the sequential determination of iron and copper could be accomplished. The advantages of this method over other methods, which can be used for the sequential determination of iron and copper, is high sensitivity, more selective, simpler and greater reproducibility. The proposed method also provides fast analysis time (25 injections h -1 ) and can be successfully applied to the determination of iron and copper contents in tap and bottleddrinking water samples. ANALYTICAL SCIENCES JANUARY 2006, VOL. 22 
